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1
OSTEOSTIMULATIVE SETTABLE BONE
GRAFT PUTTY

This application claims the benefit of U.S. Provisional
Patent Application Ser. No. 60/906,111, filed Mar. 9, 2007,
the disclosure of which is incorporated herein.

FIELD OF INVENTION

The present invention relates generally to the field of bone
graft materials, and more specifically to synthetic bone graft
materials that are load-bearing and that actively stimulate
bone defect repair while slowly being absorbed from the
application site.

BACKGROUND AND DESCRIPTION OF PRIOR
ART

In orthopedic, oral and craniofacial surgery, there is often
a need for a graft material to repair bone defects originating
from disease, surgery, or traumatic injury. The primary bone
graft material used consists of human bone tissue collected
either from the patient or from a donor. Autogenous bone
from the patient has been demonstrated to induce bone
growth and defect repair, but its collection generally requires
a second surgical site, increasing the risk of complications
and recovery time. Allogenic bone from donors or cadavers
also is used, but these tissues may result in immunologic
reactions and rejection and harbor the potential for disease
transmission. Beyond the medical problems associated with
these tissue grafts, another problem is tissue graft form.
When supplied as a piece of solid bone, these grafts can act
as structural grafts to support physiologic loads. However,
these grafts are difficult to shape and anchor in place without
the use of surgical pins or screws. To overcome this problem,
it is known to prepare tissue grafts in a paste or putty form
to fill non-uniform defects, but these grafts remain in a soft
pliable form and are not load-bearing without the use of
other structural surgical hardware such as pins, screws, and
bone plates.

Another common problem with tissue grafts is their
unpredictable absorption properties. Some tissue grafts may
last several years in a site, while otherwise similar tissue
grafts may be absorbed within several months. In certain
surgical procedures, this absorption rate may result in com-
promised healing if the graft is absorbed too rapidly. In such
cases, very slow absorption and strong mechanical strength
are required to maintain long-term mechanical support. An
example of such a procedure would be in vertebroplasty
surgery, in which a needle is inserted into the center of a
collapsed vertebra and a bone replacement material is
injected. When the material has filled the bone cavity, it is
cured and set, thereby stabilizing the fractured vertebra. As
bone growth in such sites is very limited, long term support
from the injected material is critical.

Synthetic graft materials, those not involving human
and/or animal tissues, also are used for bone defect filling,
but primarily as bulk inactive fillers. The main problem with
most synthetic materials is that they act solely as passive
scaffolds for bone repair and do not stimulate bone forma-
tion similar to autogenous bone. Another problem with these
materials is that they primarily are in a particulate or paste
form, hence they suffer from the same problem as the
putty/paste forms of tissue grafts in that they are not load-
bearing and require use of other structural hardware.
Another drawback associated with many synthetic materials
is that they have absorption rates incompatible with bone
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healing. Some materials such as metals and hydroxyapatite
ceramic/cements are permanent replacements and impair
healing of the graft site. Other materials such as calcium
sulfate ceramics are absorbed by the body at a rate faster
than bone formation can occur, leaving a weakened graft
site.

One synthetic material has been demonstrated to directly
stimulate the cells necessary for bone formation. This mate-
rial, bioactive glass, is generally composed of the elements
silicon, calcium, phosphorus, sodium, and oxygen, although
other elements such as boron, potassium, magnesium and
fluorine for example, may be added to modify various
characteristics, as disclosed in U.S. Pat. Nos. 4,103,002,
4,775,646 and 4,851,046, the disclosure of which is incor-
porated herein by reference. A representative bioactive glass
composition may comprise for example 40 to 52 wt. % SiO,,
10 to 50 wt. % CaO, 10to 35 wt. % Na,O, 2 to 8 wt. % P,O;,
0 to 25 wt. % CaF,, 0 to 10 wt. % B,0;, 0 to 8 wt. % K, 0O,
and 0 to 5 wt. % MgO. As a preferred example, one specific
bioactive glass composition, marketed under the brand name
BIOGLASS®, has a composition of approximately 21%
silicon, 18% calcium, 18% sodium, 3% phosphorus, and
40% oxygen (by weight percent). This BIOGLASS material
has been used clinically for over 12 years as a particulate
bone graft composition.

Bioactive glass bone grafting compositions have been
defined as being osteostimulative, stimulating the function
of the osteoblast cells responsible for bone formation. The
osteostimulative action of the material is a function of the
material composition and its dissolution and absorption
characteristics. Upon implantation and contact with body
fluids, the bioactive glass particles begin to react, dissolving
out sodium, calcium, and phosphorus ions from the surface.
The calcium and phosphorus ions redeposit back onto the
surfaces of the composition particles, forming a calcium-
phosphate layer similar to the hydroxylapatite mineral that
makes up the natural mineral phase of bone. Osteoblasts and
other proteins in the graft site readily attach to this calcium-
phosphate layer, resulting in the rapid osteostimulative bone
formation directly in contact with the composition. Over
time, the surface dissolution and reactive processes continue
until the entire composition is absorbed, leaving behind only
the newly formed bone.

One of the drawbacks with bioactive glass bone graft
compositions is that they only are available in particulate or
non-hardening paste forms, which limits their practical
application in load-bearing sites. In addition, the absorption
rate of this bioactive glass is such that it may be absorbed
prior to complete healing of defects requiring extended
healing times, such as in the aforementioned spinal defects
or in subjects with compromised and/or delayed healing
rates. As with the tissue grafts, a very slow absorption rate
and strong mechanical strength are required to maintain
long-term mechanical integrity. For these cases, it is desired
that the graft material stay active in the graft site for longer
than periods than currently achieved to prolong the stimu-
latory action on the bone.

In these respects, the osteostimulative bone graft putty
according to the present invention substantially departs from
the conventional concepts and designs of the prior art, and
in so doing, provides a composition developed primarily for
providing a load-bearing graft material that stimulates bone
formation and healing as it is absorbed from the implant site.

In view of the foregoing disadvantages inherent with the
known types of graft material present in the prior art, the
present invention provides a new bone graft material that
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can be readily applied to a graft site to support local applied
loads and stimulate new bone formation and defect healing.

The general purpose of the present invention, which will
be described subsequently in greater detail, is to provide a
new bone graft material that has many of the advantages of
the graft material mentioned heretofore and many novel
features that result in a new bone graft material which is not
anticipated, rendered obvious, suggested, or implied by any
of the prior are bone graft materials, either alone or in any
combination thereof.

In this respect, before explaining at least one embodiment
of the invention in detail, it is understood that the invention
is not limited in its application to the details of composition
or the proportions thereof as set forth in the following
description. The invention is capable of other similar
embodiments. Also, it is to be understood that the phrasing
and terminology employed herein are for the purpose of the
description and should not be regarded as limiting.

The primary object of the present invention is to provide
a bone graft material that will overcome the shortcomings of
prior art compositions.

An object of the present invention is to provide a bone
graft material that will set after implantation and act as a
load-bearing material.

Another object is to provide a bone graft material that is
not permanent and will be absorbed from the graft site.

Another object is to provide a bone graft material that will
stimulate bone formation in the graft site immediately upon
implantation.

Another object is to provide a bone graft material that will
sustain bone stimulation at extended periods after implan-
tation.

Other objects and advantages of the present invention will
become obvious to the reader and it is intended that these
objects and advantages are within the scope of the present
invention. To accomplish the above and related objects, this
invention is described in the detailed description presented
herewith, attention being called to the fact, however, that the
variations to the actual details may be made in the course of
final development work.

SUMMARY OF THE INVENTION

The invention is a settable osteostimulative bone graft
putty composition and generally comprises an osteostimu-
lative particulate component in combination with a settable
binder material. The osteostimulative particulate component
consists essentially of a bioactive glass having a controlled
composition defined by two different particle size distribu-
tions. The settable binder component also consists essen-
tially of a two-component composition, combining a slow-
setting material with a more rapid setting material. When
mixed with water, saline or the like, the prepared composi-
tion is shaped and implanted and hardens in place to support
physiologic loading of up to 40 MPa. The osteostimulative
particulate stimulates new bone formation and healing and
the binder material provides load support until such time as
it is ultimately absorbed via normal physiologic processes
and replaced with new bone.

The invention may also be summarized as a settable
osteostimulative bone graft putty composition consisting
essentially of a bioactive glass osteostimulative particulate
component consisting essentially of a long-term bioactive
glass osteostimulative particulate component characterized
by a slow absorption rate in the human body and a short-
term bioactive glass osteostimulative particulate component
characterized by a faster absorption rate in the human body
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than said long-term bioactive glass osteostimulative particu-
late component; and a binder component consisting essen-
tially of a calcium sulfate component characterized by a fast
setting time and a calcium silicate component characterized
by a slower setting time in comparison to said calcium
sulfate component; said bioactive glass osteostimulative
particulate component and said binder component mixable
in water to form said putty.

The invention may also be summarized as a settable
osteostimulative bone graft putty composition consisting
essentially of a bioactive glass osteostimulative particulate
component consisting essentially of a long-term bioactive
glass osteostimulative particulate component and a short-
term bioactive glass osteostimulative particulate component;
said long-term component having particle sizes of between
about 90 to 1000 micrometers and said short-term compo-
nent having particle sizes of less than about 90 micrometers;
said long-term component comprising about 60% to 90% of
said bioactive glass osteostimulative particulate component
dry weight and said short-term component comprising about
40% to 10% of said bioactive glass osteostimulative par-
ticulate component dry weight; and a binder component
consisting essentially of a calcium sulfate component and a
calcium silicate component; said bioactive glass osteostimu-
lative particulate component and said binder component
mixable in water to form said putty.

The invention may also be summarized as a settable
osteostimulative bone graft putty composition consisting
essentially of a bioactive glass osteostimulative particulate
component consisting essentially of a long-term bioactive
glass osteostimulative particulate component and a short-
term bioactive glass osteostimulative particulate component;
said long-term component having particle sizes of between
about 120 to 710 micrometers and said short-term compo-
nent having particle sizes of between about 20 to 50 microm-
eters; said long-term component comprising about 60% to
90% of said bioactive glass osteostimulative particulate
component dry weight and said short-term component com-
prising about 40% to 10% of said bioactive glass osteo-
stimulative particulate component dry weight; and a binder
component consisting essentially of a calcium sulfate com-
ponent and a calcium silicate component; said calcium
sulfate component comprising about 35% to 50% of said
binder component dry weight and said calcium silicate
component comprising about 65% to 50% of said binder
component dry weight; said bioactive glass osteostimulative
particulate component comprising about 20% to 60% of the
total putty dry weight composition and said binder compris-
ing about 80% to 40% of the total putty dry weight com-
position; said bioactive glass osteostimulative particulate
component and said binder component mixable in water to
form said putty.

DETAILED DESCRIPTION OF THE
INVENTION

As described herein, the invention comprises a multi-
component composition that, when mixed with a suitable
fluid, will set and attain a load-bearing capacity after implan-
tation. A preferred embodiment of the invention is a four-
component system, with two osteostimulative components
and two binder components. The osteostimulative compo-
nents are further defined as being one short-term component
for immediate stimulatory action, and one long-term com-
ponent for sustained stimulatory action. The binder compo-
nents are further defined as being one rapid setting binder
and one slow setting binder. All components preferably are
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pre-mixed in powder form, needing only activation upon
mixing with a wetting solution.

The long-term osteostimulative component generally con-
sists essentially of bioactive glass particulate. The particu-
late may be heat treated to at least in part convert the
material to a crystalline structure, but this is not required for
the efficacy of the invention as disclosed herein. The crys-
tallization of the osteostimulative component acts to stabi-
lize the physical structure of particles without altering their
chemical composition, retaining their bioactive capacity
while reducing the absorption rate. In addition, varying the
particle size of the crystallized osteostimulative component
may be utilized to further control absorbability.

The short-term osteostimulative component primarily
consists essentially of a bioactive glass particulate having a
reduced particle size. The reduced particle size results in a
bimodal size distribution of osteostimulative particulate.
The particles with the reduced size are more rapidly dis-
solved on implantation. This dissolution is an inherent
function in establishing the osteostimulative function of the
material in the immediate post-implantation period.

The quick setting binder component consists essentially
of calcium sulfate. On mixing with water, this material
reacts to form a rigid material with a compressive strength
sufficient to be clinically useful for osseous defect repair.
This material is currently in use by itself as a bone graft
material, but it has an absorption period of only three to six
weeks, making it unsuitable for long-term use on its own.

The slow setting binder component consists essentially of
calcium silicate, similar to that used in Portland cement.
Generally requiring a longer setting time, these materials are
very strong, with compression strengths reaching 40 MPa.
Unlike the calcium sulfate, the absorption time of calcium
silicates is greatly extended, increasing the life of the graft
material and thereby sustaining the osteostimulative com-
ponents in place for longer periods.

Although other compositions are possible within the
scope of this invention, one representative preferred
embodiment of the composition is described herewith. The
embodiment contains bioactive glass (preferably BIO-
GLASS®) osteostimulative particulate components, com-
prising for example between about 20% and 65% of the total
dry weight composition. A more preferred range of the
bioactive glass osteostimulative particulate components is
between about 20% and 40%, and a most preferred range is
between about 25% to 35%. The long-term osteostimulative
component particles have a particle size for example gen-
erally within the range of about 90 to 1000 micrometers,
with a more preferred particle size range being about 90 to
710 micrometers, and a most preferred range being about
120 to 710 micrometers. Most preferably, approximately
half of the long-term osteostimulative component particles
have a particle size of between 250 and 450 micrometers.
The short-term osteostimulative component particles have a
particle size for example of less than about 90 micrometers,
with a more preferred range of particle size being about 20
to 90 micrometers, and a most preferred range being about
20 to 50 micrometers. In terms of the combined bioactive
glass osteostimulative particulate components by dry
weight, the long-term component preferably comprises
about 60% to 90% and the short-term component comprises
about 40% to 10%.

The binder components generally consist essentially for
example of between about 35% and 80% of the total
composition by dry weight. The quick setting binder com-
ponent is primarily for example a calcium sulfate, preferably
calcium sulfate hemihydrate (CaSO,.1/2H,0), which reacts
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with water to form calcium sulfate dihydrate (CaSO,.2H,0)
upon mixing. The slow setting binder component is primar-
ily for example a calcium silicate, preferably tricalcium
silicate (Ca0);.S10, (or Ca;SiOs). The composition prefer-
ably has a general initial setting or stabilization time of
between ten and fifteen minutes to provide stabilization at
the time of implantation. In terms of the combined binder
components, the quick setting binder component preferably
comprises about 35% to 50% and the slow setting binder
component comprises about 65% to 50%.

As a functional overview, it is generally intended that the
invention be supplied in a pre-mixed dry powder form.
Mixed with saline (approximately 0.9% NaCl) or other
similar fluid at ambient temperature, preferably in a ratio of
approximately 0.3 to 0.4 ml/g, the material forms a man-
ageable damp paste which can be placed into the graft site
(e.g., the removal site of a tumor or tooth, internal to a
vertebra, etc.) and shaped, at which time it begins to harden,
eventually reaching a strength of about 20 to 40 MPa.
Osteostimulative component particles exposed at the exte-
rior surfaces of the graft mass begin to directly stimulate the
bone healing response. As the composition slowly is
absorbed, first upon degradation of the calcium sulfate
component and later upon degradation of the calcium sili-
cate component, additional osteostimulative component par-
ticles are continually exposed. The smaller short-term par-
ticles rapidly dissolve on exposure, further stimulating new
bone formation. The long-term particles then continue to act
as a stimulative agent over their prolonged duration in the
graft site. Eventually all of the binder components are
absorbed.

It is understood that equivalents and substitutions to
certain elements set forth above may obvious to those skilled
in the art, and therefore the true scope and definition of the
invention is to be as set forth in the following claims.

We claim:

1. A settable osteostimulative bone graft putty composi-
tion consisting essentially of:

a bioactive glass osteostimulative particulate component
consisting essentially of a long-term bioactive glass
osteostimulative particulate component characterized
by a slow absorption rate in the human body and a
short-term bioactive glass osteostimulative particulate
component characterized by a faster absorption rate in
the human body than said long-term bioactive glass
osteostimulative particulate component;

said long-term component having particle sizes greater
than 90 micrometers and said short-term component
having particle sizes of less than 90 micrometers;

said long-term component comprising about 60% to 90%
of said bioactive glass osteostimulative particulate
component dry weight and said short-term component
comprising about 40% to 10% of said bioactive glass
osteostimulative particulate component dry weight;

a binder component consisting essentially of a calcium
sulfate component characterized by a fast setting time
and a calcium silicate component characterized by a
slower setting time in comparison to said calcium
sulfate component; and

water;

said bioactive glass osteostimulative particulate compo-
nent and said binder component mixable in said water
to form said putty, said putty retaining shape and
supporting physiologic loading of up to 40 MPa after
setting.

2. The composition of claim 1, said long-term component

having particle sizes of between about 120 to 710 microm-
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eters and said short-term component having particle sizes of
between about 20 to 50 micrometers.

3. The composition of claim 1, said bioactive glass
osteostimulative particulate component comprising about
20% to 60% of the total putty dry weight composition and
said binder component comprising about 80% to 40% of the
total putty dry weight composition.

4. The composition of claim 3, said bioactive glass
osteostimulative particulate component comprising about
20% to 40% of the total putty dry weight composition and
said binder component comprising about 80% to 60% of the
total putty dry weight composition.

5. The composition of claim 4, said bioactive glass
osteostimulative particulate component comprising about
25% to 35% of the total putty dry weight composition and
said binder component comprising about 75% to 65% of the
total putty dry weight composition.

6. The composition of claim 1, said calcium sulfate
component comprising about 35% to 50% of said binder
component dry weight and said calcium silicate component
comprising about 65% to 50% of said binder component dry
weight.

7. The composition of claim 1, approximately 50% of said
long-term component having particle sizes of between 250
and 450 micrometers.

8. A settable osteostimulative bone graft putty composi-
tion consisting essentially of:

a bioactive glass osteostimulative particulate component
consisting essentially of a long-term bioactive glass
osteostimulative particulate component and a short-
term bioactive glass osteostimulative particulate com-
ponent;

said long-term component having particle sizes of
between 90 to 1000 micrometers and said short-term
component having particle sizes of less than 90
micrometers;

said long-term component comprising about 60% to 90%
of said bioactive glass osteostimulative particulate
component dry weight and said short-term component
comprising about 40% to 10% of said bioactive glass
osteostimulative particulate component dry weight;

a binder component consisting essentially of a calcium
sulfate component and a calcium silicate component;
and

water;

said bioactive glass osteostimulative particulate compo-
nent and said binder component mixable in said water
to form said putty, said putty retaining shape and
supporting physiologic loading of up to 40 MPa after
setting.

9. The composition of claim 8, said calcium sulfate
component comprising about 35% to 50% of said binder
component dry weight and said calcium silicate component
comprising about 65% to 50% of said binder component dry
weight.

10. The composition of claim 9, said bioactive glass
osteostimulative particulate component comprising about
20% to 60% of the total putty dry weight composition and
said binder component comprising about 80% to 40% of the
total putty dry weight composition.
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11. The composition of claim 10, said bioactive glass
osteostimulative particulate component comprising about
20% to 40% of the total putty dry weight composition and
said binder component comprising about 80% to 60% of the
total putty dry weight composition.

12. The composition of claim 11, said bioactive glass
osteostimulative particulate component comprising about
25% to 35% of the total putty dry weight composition and
said binder component comprising about 75% to 65% of the
total putty dry weight composition.

13. The composition of claim 8, said bioactive glass
osteostimulative particulate component comprising about
20% to 60% of the total putty dry weight composition and
said binder component comprising about 80% to 40% of the
total putty dry weight composition.

14. The composition of claim 8, said long-term compo-
nent having particle sizes of between about 120 to 710
micrometers and said short-term component having particle
sizes of between about 20 to 50 micrometers.

15. A settable osteostimulative bone graft putty compo-
sition consisting essentially of:

a bioactive glass osteostimulative particulate component
consisting essentially of a long-term bioactive glass
osteostimulative particulate component and a short-
term bioactive glass osteostimulative particulate com-
ponent;

said long-term component having particle sizes of
between about 120 to 710 micrometers and said short-
term component having particle sizes of between about
20 to 50 micrometers;

said long-term component comprising about 60% to 90%
of said bioactive glass osteostimulative particulate
component dry weight and said short-term component
comprising about 40% to 10% of said bioactive glass
osteostimulative particulate component dry weight;

a binder component consisting essentially of a calcium
sulfate component and a calcium silicate component;

said calcium sulfate component comprising about 35% to
50% of said binder component dry weight and said
calcium silicate component comprising about 65% to
50% of said binder component dry weight;

said bioactive glass osteostimulative particulate compo-
nent comprising about 20% to 60% of the total putty
dry weight composition and said binder component
comprising about 80% to 40% of the total putty dry
weight composition; and

water;

said bioactive glass osteostimulative particulate compo-
nent and said binder component mixable in said water
to form said putty, said putty retaining shape and
supporting physiologic loading of up to 40 MPa after
setting.

16. The composition of claim 15, said bioactive glass
osteostimulative particulate component comprising about
25% to 35% of the total putty dry weight composition and
said binder component comprising about 75% to 65% of the
total putty dry weight composition.

17. The composition of claim 15, approximately 50% of
said long-term component having particle sizes of between
250 and 450 micrometers.
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